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METHOD FOR PREPARING TEMPLATE DNA FROM rRlT. CULTURES 

Field of the Invenrion 

The present invention relates generally to the field of automated sequencing 
5 procedures, and more specifically to a method for sequencing plasmid DNA insms 
diiecdy from cell lysates. 

Background of the Invention 

Automated (or manual) sequencing of DNA is a key tool in scientific research, 

1 0 particularly in die search for as yet unidentified genes, particularly human genes. The 
techniques for automated sequencing reactions are now conventional, and generally 
enq)loy the apparatus and prcx:esses described by manufacturers such as Applied 
Biosystems Inc. of Foster Qty, California. However, the demand for improved DNA 
sequencing methodologies is spurred in large part by the Human Genome Initiative, 

1 5 which is a worldwide research effort that has the goal of analyzing the stmcture, 

orgaiuzation and sequence of human DNA to locate and identify aU human genes. As 
a result, there is a great demand for high-volume sequencing of DNA. 

The quality of automated (or manual) DNA sequencing is dependent on the 
quality of tenq)late DNA used in the sequencing reactions. A number of different 

20 procedures are currently used to make template DNA firom bacterial cells. Such 
procedures include the miniprep procedure involving lyso^rme, an alkaline lysis 
procedure, boiling, and the (^agen® colunm procedure. 

As one cxaxnplc, the miniprep procedure [H. C Bimboim and J. Doly, Nucl. 
Acids. Res.. 2(6): 15 13- 1523 (Aug. 1979)], with lysozyme is performed by treating 

25 plasmid-containing cells with lysozyme to weakra the cell wall, and then lysing the 

cells completely with sodium dodecyl sulfate (SDS) and NaOH. By choosing the ratio 
of cell suspensim to NaOH solution carefully, a reproducible alkaline pH value is 
obtained, which may be controlled by including glucose as a pH hiffer. Chromosomal 
DNA is dien selectively denatured and when the lysate is neutralized by acidic sodium 

30 acetate, die chronoosomal DNA renatures and aggregates, and can be removed by 
centrifugation. Plasmid DNA is then recovered fiom the supernatant by ethanol 
precipitation. 

Alternatively. P. R. Musich and W. Chu, BioTechnigues. 14(6):958-960 
(1993) describe a hot alkaline lysis procedure for plasmid DNA isolation, which 
3 5 involves modification of the above-described Bimboim and Doly method, die primary 
advantage of which appears to be renooval of contaminating RNA bom the sample. 



1 
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See, also, the procedure of D. Ish-Horowicz and J. F. Buike, NucL Acids. Res>, 2(13): 
2989-2998 (1981), which combines the Bimboim and Doly method with the method of 
Davis et al. Meth. Enz.. M:404-41 1 (1979). 

Another DNA teo^late preparation process is the rapid boiling method for 
5 preparing bacterial plasmids, in which the bacteria are pelleted and resuspended in 
buffer and lysozyme* The solution is then boiled for 15-40 seconds and the resulting 
insoluble clot of genomic DNA and debris is removed by centrifugadon. Plasmids are 
then recovered fiom the supernatant by isopropanol precipitation [see, e.g., D. S. 
Holmes and Ni (Juigley, Anal. Biochem. . 114:193-197 (1981)]. A further 

1 0 nxxlification of this procedure has been recendy reported [see, M S. Rajeevon and C. 
L. Bassett, Biotechnigue. 1^(3) (1994)]. In this protocol, Triton XAOO and lysozyme 
are added to the overnight culture direcdy and the mixture is boiled for Inunute. The 
cells were removed by spinning and the DNA was isolated firom the supernatant by 
iscqnopanol precipitatim. 

1 5 Still another template preparation procedure is the QIAGEN® process which 

invcdves the following steps. After harvesting and resuspension, bacterial cells are 
lysed in NaOH/SDS, in the presence of RNAsc A. The lysate is neutralized by the 
additicm of acidic potassium acetate, which causes denatured proteins, chromosomal 
DNA, cellular debris and SDS to precipitate. The precipitated debris is removed by 

20 centrifugadon, leaving cleared lysate. This cleared lysate must then be purified, 
desalted and concentrated, before it is ready fcxr sequencing. 

Any of these above described procedures produces DNA of a quality desirable 
for final sequencing of identified genes or DNA sequences of interest However, these 
processes are quite costiy as well as time-consuming, and not readily automatable, due 

25 to the expense of the required reagents and the labor-intensive nature of the 
procedures. 

There thus exists a need in the art for methods for preparing DNA templates 
which are inexpensive and suitable for rapid sequencing of large numbers of DNA 
ssraplcs* 

30 
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jgiimmarv nf the Invention 

Li one aspect, the present invention provides a method for rapidly preparing 
DNA f<^ autonaated sequencing (Le. tenqilate DNA) which is isolated fix>m a cell 
culture. This procedure involves growing cell cultures in a tube or multi-well plate and 
5 centrifuging or spinning the cultures down widi a conventional micro-centrifuge. By 
ginning die cell culture, a cell-ccmtaining pellet and supernatant (containing culture 
media and odier ccmtaminants) are obtained The supernatant is discarded and the 
pellet is (opticmally) washed widi a bufifer* Tliepelletis then resuspended in water and 
heated for sufificient time to lyse the cells typically 1 to 10 minutes. The resulting 
1 0 insoluble cell debris is separated from the fraction which contains DNA. Preferably, 
this separation step is perfonmed via centrifiigation. The resulting DNA fraction is 
then useful as the template for automated sequencing. 

In another aq>ect, the invention provides a mediod for sequencing nucleic add 
inserts (e.g., plasmid DNA) direcdy from cell lysates in an automatic cycle sequencer. 
15 Tliis method involves prqKoing the DNA template by the method of the invmtion, 
prefenUy nuxing the tenq[)late-DNA containing fraction with the automatic cycle 
sequencing premix and primers, and sequencing the DNA template. 

Other aspects and advantages of the present invention are described further in 
the following detailed description of the prefened embodiments thereof. 

20 

Detailed Description of die Invention 

The present invention provides a quick, reliable, readily automatable and 
inexpensive procedure for preparing template DNA for automated cycle sequencing 
procedures. This method avoids the use of enzymes, chemicals and other organic 

2 5 solvents conomon in other Imown procedures for making template DNA. 

The method of the invention provides a quick, simple hot water lysis procedure 
for making DNA templates for automated DNA sequencing. The resulting DNA 
templates are of a quality sufficient for the sequencing of large numbm of clones. 
More q>ecifically, the method of die invention yields template DNA of sufficient 

3 0 quality to obtain at least 300 base pairs of useful sequence data. 

The method of the invention is particularly well adapted for use in preparing 
DNA tenq)lates for use with automatic sequencers, including those commercially 
available from Applied Biosystems, Inc. (ABI), both by primer and terminator 
chemistries, or from Phazmacia, among other commercial vendors. In order to initially 
35 screen hundreds or thousands of clones by automated DNA sequencing techniques, it 
is not necessary to obtain 100% correct sequencing data for each and every sample. 

3 
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An axor rate of S-6% can be tolerated in such initial sequencing runs. In comparison 
to the DNA template preparation processes of the prior art which produce DNA 
templates of a quality sufficient for final screening, the piocess of the present invention 
avoids expending the excess time and resources which are unnecessary for initial 
5 screening. 

The invention may desirably be applied to screen clones or cell cultures, 
preferaUy those which contain high copy plasmid DNA. As used herein, a "plasmid" is 
an extrachiomosomal DNA element cq>able of replication indq)endent of the host cell 
chromosome, particularly in bacteria. The temi 'liigh copy plasmid** means any 

1 0 plasmid which contains more dian one copy of a desired gene or which is itself present 
in the ceU in quantities of two or more* 

Additionally, the method of the invention is useful in screening cultures of 
recombinant host cells which have been transfected or transformed with a selected 
nucleic acid sequence. As used herein, a "reconibinant host cell culture" is any cell 

1 5 culture which has been engineered to contain a recombinant vector or other transfer 
DNA. As used herein a ''vector'* is a DNA molecule employed to transfer a foreign 
gene into a celL 

Suitable vectors and host cells are weU known in the art and can be readily 
obtained fiom commercial and acadonic sources. Exanq)les of suitable vectors include 

2 0 pUC 18/19, pBluescript IIKS+ (Stratagene, La JoUa, CA), pcDNA I (Invitrogen, San 
Diego, CA), the pGEM series, (Promega, Madison, WI), and PGR 2000 (Stratagene, 
La JoUa, CA). Examples of suitable host cells include bacterial cell cultures, including 
Escherichia coli, particularly strains XLl Blue, C600, HBlOl, DHl, DHSalpha, 
MM294C1+, and JM109 cells (all available from the American Type Culture 

25 Collection, 12301 Parklawn Drive, Rockville, MD), INVoF cells (Stratagene), and 
SOLR cells, which are commereially available (Stratagene; Invitrogen, San Diego, CA; 
or BRL, Bethesda, MD). Other suitable host systems, include yeast, mammalian, 
Streptonryces and insect cells, including Baculovirus and Drosophila systems. 

The particular vector and host system used is not a limiting factor for this 

30 invention. Such systems and their uses, are well-known in the art. See, generally, 
Sambrook et al. Molecular Cloning: A Laboratory Manual . Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY (1990). Further, it is anticipated that this 
method will be useful in connection with bacteriophage plaques. 

The method of the invmtion is particularly useful for screening die large 

35 numbers of cDNA clones which are generated in human genesequencing efforts, to 
obtain an "Expressed Sequence Tag" or EST or other sequencing tags derived from 
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genomic DNA. By "EST* is meant a sequence of about ISO to about 300 sequential 
nucleotides of a longer sequence obtained fiom a cDNA library prepaied fifom a 
selected ceU, cell type» tissue or tissue type, which longer sequence cone^xmds to an 
mRNAofagenefoundinthatliteary. An EST is generally DNA. AsingleDNA 
5 library made fiom a single tissue type is piesendy anticipated to provide at least about 
3000 different ESTs. Rmher background and information on the constiucdon of 
ESTs is described in NL D. Adams et al,&3sm^ 222:1651-1656 (1991) and 
International ^pHcadon Pufalicadon Number WO/93AX)353. 

The starting noaterials for the method of the invention are not limited to any 

10 particularcellculture, stage of cell growth, or type of growth media. Preferably the 
starting materials are isolated fiom bacteria cell culture. The cell culture preferably has 
a density of at least about 0.8 O J>. unit at 600 nm. It is presendy preferable for 
transfcnmed bacterial cells to be grown in either tenrific Broth or Luna Broth (LB) 
cultures. IVeferably, the culture size is at least about 40^1, pardcularly when the cells 

15 are grown overnight in the LB broth. If bacteriophage is the desired source of . 

template materials, it would be introduced into appropriate host cells, e.g., XL-1 Blue 
cells, and these cells would be used to make the lysates, as described herein. Thus, die 
method of the invention may be applied to a selected cell culture, grown using 
conventional techniques, as discussed above. 

20 In the practice of the method of the invention, a bacterial cell culture having a 

ceU density as defined above is cmcentrated. Most preferably, dus concentration step 
involves spinning or centrifiiging the culture to obtain a pellet For example, about 40 
to about 50 microliter (pL) of a 1-5 mL E. coli culture grown for between about 12 to 
about 16 hours (e.g. an overnight culture) and containing high copy plasmid is spun at 

2 5 between about 3000 to about 15,(XX) revolutions per minute (rpm) for between about 1 

to about 10 minutes. Presentiy preferred conditions are spinning at about 13,0(X) rpm 
for 1 minute. Alternatively, the cells can be spun down at relatively low speeds (2000- 
SCXX) ipm), for a longo* time period (15-30 minutes). Advantageously, this method 
may be performed in a 1.5 mL Eppendoif tube or in a 9G - well plate. However, diese 

3 0 parameters may be readily adjusted by one of skill in the art for scale-up or as needed 

or desired. The supernatant which contains n>edia contaminants and cell debris is 
discarded. Alternatively, although less efficient, the cells may be concentrated by other 
means, e.g., filtration. 

The cell pellet is then washed to renoove the traces of media. This washing step 
35 preferably involves lesuspending the cells in an appropriate amount, e.g. about 200 ^1, 
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of saline» preferably 1 x PBS. The resuspended cells are then spun down and the 

supernatant which contains the excess media is discarded. 

The cell pellet is then resuspended, preferably in an appropriate anx)unt of 

sterile, distilled water (e.g. about 10 ^1), and optionally, vOTtex mixed If desired, the 
5 pellet may alternatively be resuspended in other £q)piopriate solutions, e.g. 5 X TAC5 

buffer [Applied Biosystems, Inc.], PGR buffer, or any odier solution which does not 

interfere with PGR sequencing leacdons. 

After lesuspension of the cell pellet, the mixture is heated to about 9S^C to 

about lOOX for between about 1 to about 10 minutes. Presently preferred conditions 
10 for this step are about lOO^C fcH* about 5 minutes. This heating step may be perforaaed 

in a boiling water bath, heating block with water, or by other suitable means. 

Advantageously, the heading lyses the cells and the DNA is released in aqueous 

soluticm. If desired, one of skill in the art could readily adjust the conditions for the 

heating step, e.g., by taking into account the cell type, anoong other variables. 
1 5 Following heating, the cellular debris resulting from lysis is separated fix>m the 

lysate, which is the firacticxi of the mixture which contains the template DNA. 

Currently, the preferred separation step involves subjecting the mixture to a second 

spinning step. This spinning step is preferably performed for between about 1 to about 

10 minutes, at the same speeds as set forth above for the first spiniung step. The 
2 0 desirable conditions for this svsp are spirming at about 13,000 rpm for about 3 minutes. 

The supernatant which contains the template DNA can then be removed and used 

direcdy in an automated sequencer according to conventional methods described by 

die manufacturer. 

Alternatively, the separation step may be performed by filtration. In such a 
2 5 situation, the cell debris would be collected in the filter and the filtrate could be used in 
an autcHnatic sequencer. 

Desirably, prior to use in an automatic sequencer, the fiaction of the nuxtiire 
contaiiung the DNA template, (e.g. a suitable sample size of the supernatant or the 
filtrate) is mixed with cycle sequencing premix and primers, according to 
30 manufacturer's instructions. For example, according to ABPs instructions, 10 pL of 
the lysate supernatant is added to 10 of cycle sequencing premix containing dNTPs, 
sequencing primer, Taq polymerase enzyme and reaction buffer. 

The automatic sequencing reactions are then performed in accordance with 
conventional techniques, e.g., according to Applied Biosystems* standard procedures 
35 using either DyeTerminator or the DyePrimer chemistries. In one example, for 

DyePrimer chemistry procedures, 10 pL of die bacterial lysate (lysate supernatant) was 
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divided into four equal volumes (2.5 pL each)* After completing the cycle sequencing 
reactions, samples aie purified and treated according to Applied Biosystems' (or other 
automatic sequencer manufacturer's) standard sequencing procedures. In another 
exanqile, about 10 ^1 of the lysate is combined with the standard terminatar mix and 1 
5 (iLeach of eidier the universal forwardprimer (F) or the universal reverse primer (R) 
and this mixture is subjected to the standard thomal cycling conditions accocding to 
ABFs instructions. Optionally, an agent may be added to improve PCR or cycle 
sequmcing reaction efficiency. For exan^le, DMSO, when added at 5% final 
concentration to the cycle sequencing mix, has been found to improve sequencing 

1 0 results when added to the cycle sequencing reaction. Alternatively, glycerol, when 
added at 10% final concentration to the cycle sequencing mix, has also been found to 
improve sequencing results. 

Example 1 below illustrates diat template DNA prepared using die mediod of 
the inventicm conq)ares favcnably to tenq)late DNA obtained by tiiree odier mediods, 

15 which are much more time consuming and expensive to prepare. ThequaliQrof 

tenq)late DNA prepared fiom alkaline lysis, boiling, and QIAGEN® prep procedures 
was purer than the template DNA prepared by the hot water lysis method of the 
present based upon electrophoresis and ediidium bromide staining (on a 1% agarose 
gel). The template DNA prepared by the method of the invention appeared to contain 

20 significant amounts of RN A. However, when the template DNA prepared by each of 
diese procedures was subjected to DyeTerminator cycle sequencing with a universal 
forward primer or universal reverse primer, the sequencing data for the DNA prepared 
by the method of the invention (i.e., hot water lysis) was substantially equivalent to 
other DNA samples. 

2 5 The method of the present invention is particularly desirable for the sequencing 

of multiple sanq)les simultaneously. This aspect of the invention invdves growing the 
cultures in 96-well plates using conventional techniques and spinning the cultures 
down with the well plate spinning rotor head. Suitable well plates and weU depths can 
be readily detemnned by one of skill in the art For ocample, the Beckman 96 well 

30 plate having 1 mL deep wells is particularly well suited for application of the method of 
the invention. The supematants can be discarded using, e.g., a multi-tip pipetman or a 
robotic system such as Beckman Bionoek, and all of the samples can be processed by 
the procedure described above. 

The folbwing examples illustrate the perfoniiance of die mediod of the 

35 invention and the comparison of the present invention with other known methods for 
DNA tenq>late preparation. Briefly, the method of the invention makes use of the 
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following-general protocoL From an overnight (e.g., 12-18 hour) bacterial (e.g., 
£. coK) culnue ccmtaining a high copy plasmid, 40-50 ^1 are removed to a 1.5 mL 
Eppendoif tube. The cells are spun out in a microcentrifuge at 13,(X)0 ipm for 1 
minute, and the supernatant is removed and discarded. To wash the cells, the cell 
5 pellet is resu^nded in 200 fil of IX PBS buffer, spm down for 1 minute at 1 3,000 
ipm md the supernatant is removed and discaided. (The washing stqi is optional, not 
essential) The cell pellet is thra resuspended in 12 ^1 of sterile distilled water, and 
heated at lOO^C for 5 minutes to lyse the cells. The lysed cells aie spun again at 
13,(X)0 RPM for 3 minutes, and die supernatant, Le., the water lysate, containing the 

10 DNA is removed to a finesh tube. 

9.5 |il of die lysate is ccmbined with the standard terminator mix (Applied 
Biosystem, Foster City, CA) and 1 pi of forwaid or reverse primer and this mixture is 
subjected to the standard thermal cycling conditions according to ABFs instructions. 
Far the primer cheuEustiy which is carried out in four separate tubes, the lysate is 

15 divided into four sanq>les, as would be done for a DNA ten^late prepared according 
to prior art methods. After cycling, the sanq>les are purified and treated as acccnding 
to the automatic sequencer manufacturer's directions. 

The examples which follow are illustrative only and are not to be construed as 
limiting the present invention. 

20 

Example 1 - Preparation of Template DNA 

In order to compare the method of invention to other known methods, the 
pGEM vector DNA (taken out of Applied Biosystem's sequencing kit) was 
transformed into the INValpha F cells (Ihyitrogen, San Diego, CA) using standard 
25 techniques. These ceUs were inoculated into the LB (Luria Broth, 40 inL) media and 
the culture was grown overnight (16 hours) at 37^C The culture was then divided 
into four equal p(»tions and the template DNA was prepared by four different 
methods. 

In the first method, the DNA was made using the method of invention (hot 
3 0 water lysis) essentiaUy as described above. However, the starting volume was about 
2(X) Stalling with a larger volume of cell culture gave more template DNA for use 
in multiple sequencing reactions. Specifically.ui this case 200^1 of the overnight 
culture (in 1.S ml Eppendoif tube) was spun down at.l3,0(X)rpm for 1 minute using 
the table top micro-centrifuge and the supernatant was removed by aspiration and 
35 discarded. In order to wash the cells, the cell pellet was resuspended in 200 \JdcilX 
PBS buffer and spun down again at 13,(XX) ipm for 1 minute. Hie supernatant was 

8 
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once again removed by aspiration and discarded The cdl peUet was now resuspended 
in SO ^I of die sterile distilled water and the suspension was heated at lOO^C for 5 
minutes (to lyse the cells) using the heating block. The suspension was spun down at 
13,000 rpm for 10 minutes and the supernatant removed carefully and saved in a fiesh 
5 tube. About 10 of this lysate was used in DyeTerminator cycle sequencing 
procedure using Applied Biosystem's protocoL 

Additional samples of template DNA were prepared from these cultures using 
the alkaline lysis method essentially as described in Bimboim and Doly, cited above; 
the boiling preparative method essentially as described in Holmes and Quigley, dted 
1 0 above, and the Qiagen preparative method essentially as described in the 
manufacturer's protocol. 

While template DNA was obtained using the method of the invention in about 
20 minutes, the alkaline lysis method required about 2Vi hours, the boiling preparative 
method required about 2^ hours, and the Qiagen method required about 3 hours to 
1 5 produce the tenq>late DNA. 

DNA samples prepared by each method were sequenced using Applied 
Biosystem*s DyeTerminator cycle sequencing procedure with a universal forward 
primer (refer to ABI manual for DyeTerminator chemistry). In all the sequencing 
reactions, 5% DMSO was added. The use of DMSO has been reported to improve the 

2 0 DNA sequencing reactions, perfaqis due to decreased inter- and intra-strand 

reannealing [P. R. Winship et al. Nucleic Acids Research. 12:1266 (1989)]. 
Sequencing data was analyzed by the Applied Biosystem*s 373 A analysis software 
(Fluorescent signals are transformed into signal peaks representing each base, which in 
turn are used to generate the sequence data (refer to the ABI sequencing Manual)). 
25 Coaq)arison of the sequencing data showed that the sequence data obtained for SO to 
350 bases from DNA prepared by hot water lysis procedure (method of die invention) 
was as good as the odier DNA samples prepared by other methods. 

Example 2 - Sequencing from PGR 200Q vector DNA/INValpha F cells 
30 In this example, the TGF-beta receptor type n gene obtained from human liver 

cDNA by PGR technology was subcloned in the PGR 2000 vector ®(Hoffinan 
LaRoche) and the DNA was transformed in the INValpha F cells (Invitiogen, San 
Diego, CA). In order to obtain die sequence information of the gene insert, 
transformed INValpha F cells wexc grown overnight (18 hours) in 10 ml of the LB 

3 5 media at 37^C DNA was made using the method of the invention essentially as 

described above in general protocol. Specifically, 45 |il of die overnight culture was 

9 
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Spun down at 13,000 ipm for 3 minutes and the supernatant was discarded. The cell 
pellet was washed with 100 [il of the IX PBS buffer by resuspending the cells, 
spinning at 13,000 rpm for 1 minute and discaixling the supernatant The cell pellet 
was dien resuspended in 10 fil of the distilled water and heated at lOO^C fw 5 minutes. 
5 The suspension was spun down at 13,000 rpm for 10 minutes and 9.5 ^1 of the 

supernatant was carefully removed. This water ly sate (cmtaining template DNA) was 
then used for autonoated sequencing. According to this method, DNA was ready for 
sequoidng in 20 minutes. The DNA was also made using the Qiagen procedure using 
manufacturers* protocol (this procedure took about 3 hours). DNA samples from both 
1 0 procedures were sequenced using DyeTerminator chemistry as per ABFs protocol. 
Analysis of the sequence data was done using the ABI software. Sequence data from 
both of the DNA preparations matche the published DNA sequence of the TGF beta 
receptor gene. However, the method of the present invendcm saves time, requires 
fewer reagents, and provides comparable results. 

15 

Example 3 - Senuenring from pUC 1 « DNAAm:?Q4ri 4- PHk 

The gene insert in the pUC 18 vector (BRL, Bethesda, MD) was also 
sequenced by transforming plasmid DNA in MM294C1+ cells using die method of the 
invendcm as described above under general protocol. Specifically, transformed 

20 MM294C1-I- cells were inoculated in 10 mL of the LB media and were grown at 37^C 
for 16hours. 100 ^1 of die overnight cell culnire was spun down at 13,000rpmfQr 3 
minutes and the supernatant was discarded. The cells were washed with 200 lil of IX 
PBS buffer as described in Exaix^le 1 and then they were resuspended in 20 ^1 of 
sterile distilled water. The suspension was heated at 100**C for 5 minutes in order to 

25 lyse the cells. After spinning the suspension at 13,000 rpm for 10 minutes, supernatant 
was removed carefully and 9.5 ill of this water lysate was then used in automated 
sequencing reactions. Sequence as analyzed by the ABI software was in conq>lete 
agreement widi the published data. 

30 Example 4 > Sequencing from PCR Script Vector/XT^I Blue Cells 

A synthetic gene was cloned in the PCR Script vector and the ligation mixture 
was transformed in the XL-1 Blue ceDs (Stfatagene, La JoUa, CA). Plasmid DNA was 
made using the mediod of the invention as follows. Transformed XL-1 Blue cells were 
inoculated in 50 mL of LB media and. were grown overnight (1 8 hours) at 37^C. For 
35 making die template DNA, 200 jil cell culture was spun down at 13,000 rpm for 3 
minutes using the table top micro-centrifuge. Supernatant was discarded and the cell 

10 
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pellet was washed with 200^ of IX PBS buffer. After spinning, the supernatant was 
discanled and the oeUpeUet was resuspended in SO (il of distilled water. The 
suspension was heated at lOO^C for 5 minutes to lyse the cells and then spun down at 
13,000 rpm for 10 minutes. The supernatant was collected and 9.5 ^1 of this 
5 supernatant was used in Applied Biosystems' DyeTenninator sequencing procedure. 
Just for con^aiison, pla^d DNA was made by the puUished alkaline lysis method. 
Sequoicing of both of diese DNA samples and the resulting data analysis u^g ABI 
software gave the expected sequence data exact nucleotide sequences for the 
synthetic gene)* 

10 

Exanyle 5 - Sequencing of Multiple Sanyles: pUC 19 DNA/TB-1 Cells 

The plasmid DNA was made by the method of the invention essentially as 
described above in the detailed description. Specifically, about 40 bacterial clones 
(TB-1 cells had previously been infected with pUC19 DNA u»ng conventional 

1 5 techniques; die cells are available from die ATCC) were individually inoculated in 
S mL of LB media in sqiarate tubes and the cell cultures were grown ovemight (16 
hours) at 37^C. For preparing plasmid DNA, 50 pi of the ovemi^t culture from each 
tube was spun down at 13,000 rpm for 3 minutes. The supernatant was removed by 
aspiration and was discarded. In this experiment, the cell peUet was not washed with 

20 IX PBS buffer as in previous experiments. After removing the LB media, the cell 
pellet from each tube was resuspended in 10 |tl of distilled water, heated at lOO^C for 
5 minutes in a bcnling water bath and spun down at 13,000 ipm for 10 minutes. The 
supematants were carefully removed from each tube and then used in automated 
DyeTenninator sequencing. Sequencing the lysates and the data analysis was 

2 5 performed using Applied Biosystems*s protocol. In each case, at least 300 base pairs 

of sequence information were read and about 98% of the DNA samples prepared by 
the method of invention gave good sequencing data. A good sequence is defined as 
between 95*98% identical to the expected nucleotide sequence data. The remaining 2- 
5% error represents the inability of the software to correctiy identify a DNA base, 

3 0 which is probably a ftuiction of DNA quality. (For comparison, high quality DNA 

should give >99% accurate sequence). 

This experiment indicates that one can delete "the washing step with IX PBS" 
from the method of the invention and still obtain good sequencing data for DNA made 
by the method of the invention. 

35 
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Fxample fi - Sequencing of Multiple Samples: pBluescript Vector DNA/XL-1 Blue 
Cells 

This is yet another example where a large number of clones were sequenced 
In this experiment 27 differait bacterial clones were used to make the template DNA 
5 by the method of the invention. For each sample, transfonned XL- 1 Blue cells were 
inoculated in 1 0 mL of the LB media in separate tubes and the cidnues were grown at 
37^C ovemi^t (18 hours). To prepare the template DNA, 200 ^1 of the overnight 
culture from each tube was spun down at 1 3,000 ipm for 3 minutes and the 
supematants were discarded. The cell pellet in each tube was washed with 200 ^1 of 

10 IX PBS buffer as described in Exanq)le 1. The cell pellet in each tube was then 

resuspended in SO ^1 of sterile distiUed water and heated at lOO^C for 5 minutes using 
the heating block. The celt suspensions were spun down at 13,000 ipm for 10 minutes 
and the supematants were collected 9.S of the supernatant from each tube was 
used in autcnnated sequencing. Data was analyzed using the ABI software and gave 

15 300 base pairs of sequence for each sample. 

Rramplft 7 -Seqnencinp from pSelect Vector DNAA1M294CU Cells 

The pSelect Vector is mainly used for doing the site directed mutagenesis in 
which a gene sequence can be altered at a veiy specific location using a procedure 

20 supplied by the manufacturer (Rromega, Madison, WI). Two mutaticMis in a synthedc 
gene (Antibody cassette) were corrected using this procedure. In order to verify the 
mutaticHis, it was necessary to sequence this gene. For making template DNA, 
transformed MM294C1+ ceUs were inoculated in 10 mL of the LB media and the 
culture was grown overnight (16 hours) at 37X. 200 jil of the overnight culture (in a 

25 l.S mL Eppendorf tube) was spun down at 13,000 ipm for 3 minutes. The supernatant 
was renx>ved by aspiration and was discarded. The cell pellet was washed with IX 
PBS buffer and then resuspended in SO ^ of distilled wat^. The suspension was 
heated at l(Xy*C for S minutes and then spun down at 13,000 ipm for 10 minutes. The 
supernatant was carefully collected and kept in a fiesh tube. 9.5 ^1 of the supernatant 

3 0 was used in the automated sequencing reaction using the universal forward primer. 
Sequencing data was analyzed by ABI 373A software and showed correct the 
mutaticmal changes. 

Numerous modifications and variations of the present invention are 
35 included in the above-identified specification and are expected to be obvious to one of 
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skill in the art Such modifications and alterations to the processes of the present 
invention are believed to be enconq)assed in the scope of the clainis appended hereto. 
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WHAT IS CLAIMED IS: 

1 . A method for prqiaring template DNA for automated or direct cycle 
sequencing which ccxnprises: 

(a) centiifiigaticx) of a cdl culture ccmtaining plasmid DNA to 

obtain a pellet; 



fiom the pellet; and 

(d) separating cell debris firom a DNA-containing fraction. 

2. The method according to claim 1 wherein the spinning step (a) is 
performed at about 3000 revolutions per minute (ipm) to about 15,000 ipm for 
between about 1 minute to about 10 minutes. 

3. The method according to claim 1 wherein the spinning step is 
performed at about 13,000 ipm for about 1 minute. 

4. The method according to claim 1 wherein the pellet of step (a) is 
lesuspended in water. 

5. The method according to claim 1 wherein the heating step (c) is 
perfomied at about 95X to about lOOX for between about I minute to about 10 
minutes. 

6. The method according to claim 5 wherein the heating step (c) is 
performed at about lOO^C for about 5 minutes. 

7. The method according to claim I wherein said separation step (d) is 
perfomied via centrifugation or filtraticm. 

8. The method according to claim 1 wherein said separation step (d) 
comprises the stepsr of spinning the heated pellet of step (c) for about 5 minutes to 
about 10 minutes at about 3000 revolutions per minute (ipm) to about 15,000 ipm and 
removing the suponatant, which supernatant contains template DNA. 



(b) 
(c) 



lesuspending the pellet; 

heating die resuspended pellet for sufficient time to lyse the cells 
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9* The iTOthod according u> claim 1 wherein said separation step (d) 
convulses the steps of filtering the heated pellet of step (c) and collecting the filtrate, 
which filtrate contains the template DNA. 

5 10. A method for preparing template DNA for direct cycle sequencing 

ix^h comprises: 

(a) centrifugation at a rate of about 3000 to 15000 ipm for between 
about 1 minute to about 10 minutes of a cell culture containing plasmid DNA to obtain 
apellet; 

10 (b) resuspending the pellet in water, 

(c) heating the resuspended peUet at a temperature of between 
about 9SX to about 100°C for between about 1 minute to 10 minutes to lyse the cells 
in die pellet; and 

(d) spinning the heated pellet of step (c) for about S to about 10 
15 minutes at about 3000 revolutions per minute (ipm) to about 15,000 rpm and 

removing the supernatant, which supernatant contains template DNA. 

11. A method for preparing template DNA for direct cycle sequencing 
which conq)rises: 

20 (a) centrifugation at a rate ofabout 3000 to 15000 rpm fen- between 

about 1 minute to about 10 minutes of a cell culture containing plasmid DNA to obtain 
apellet; 

(b) resuspending the peUet in water, 

(c) heating the resuspended pellet at a temperature of between 
25 about 95^C to about 100°C for between about 1 to 10 minutes to lyse the cells in the 

pellet; and 

(d) filtering the heated pellet of step (c) and collecting die filtrate, 
which filtrate ccMitains template DNA. 

30 12. Template DNA prepared by die metiiod according to claim 1. 

13. Template DNA prepared by the method according to claim 10. 

14. Template DNA prepared by the method according to claim 11. 

35 
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15. A method for sequencing plasmMDNA isolated fifom a ceUfo 
an automated sequencer conq)rising the steps of: 

(a) centrifugation of a ceil culture to obtain a pellet; 

(b) resuspending the pellet; 

(c) heating the lesuspended pellet for sufiicient time to lyse the cells 

fiom die pellet; 

(d) separating cell debris bom a template DNA-containing fractim; 

and 

(e) sequencing the template DNA in said firacdoa 

16. The method according to claim IS wherein said separating step (d) 
comprises the steps of centrifuging the heated pellet of step (c) and removing the 
supematant which contains the template DNA. 

15 17. The method according to claim IS wherein prior to sequencing step (e), 

the supematant is mixed with cycle sequencing premix and primers. 
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(54) Title: ROBOTIC WORK STATION 

(54) Titre: STATION DE TRAVAIL ROBOTIQUE 



(57) Abstract 

An improved robotics workstation for biotogical and chemical processes is disclosed. In one embodiment the apparatus includes a 
base (20) on which the robotics workstation is arranged, at least two toots, each tool being arranged so that it may be used 
simultaneously with another tool for sample processing, a computer means (116) to run the workstation, a means to move (56) at 
least one tool vertically along a mounting column (52), a means to move (60) microwell plates (110) and at least one tool 
horizontally, whereby the vertically moved tool interacts with the horizontally moved microwell plate (110) or toot. Also 
disclosed are laboratory methods and customized workstations for their performance. 

(57) Abrege 

L'invention se rapporte a une station de travail robotique congue pour la mise en oeuvre de processus biologiques et chimiques. 
Dans une realisation, I'appareil comporte une base (20) sur laqueKe est disposee la station de travail robotique, au molns deux 
outils census chacun de maniere a pouvoir etre mis en oeuvre simuttanement a un autre outil pour le traitement d'echantillons, un 
ordinateur (116) congu pour gerer la station de travail, un organe congu pour deplacer (56) au moins un outil vertlcalement le 
long d'une colonne de montage (52), un organe congu pour deplacer (60) des plaques a microcupules (110) et au moins un outil 
horizontalement, (edit outil deplace verticalement interagissant avec la plaque a microcupules (110) ou Toutil deplace 
horizontalement. L'invention se rapporte egalement a des methodes de laboratoire et a des stations de travail person nalisees pour 
la mise en oeuvre desdites methodes. 



